Abstract. The subject of this report is creation of a three-dimensional thermal-hydraulic model of the horizontal steam generator for Dukovany nuclear power plant. A procedure is presented for simulation and analysis of secondary side of PGV-440 steam generator for nominal and increased reactor power. A two-fluid approach is applied for modeling physical processes inside the steam generator. Physical models were implemented in ANSYS Fluent CFD environment using the User Defined Functions (UDFs). Results from this thermal-hydraulic numerical model can be used for various other subsequent nuclear power plant operations and for the safety analysis.
Introduction
Steam generator (SG) is one of the most important components of the nuclear power plant (NPP) with pressurized water reactors (PWR). The main purpose of this component is the heat transfer from the primary side to the secondary side, where the steam is generated. Therefore, the service life of NPP is closely connected with service life of SG.
Nuclear power plants in Czech Republic operate with VVER reactors. Steam generator is constructed as a horizontal cylindrical vessel and a horizontal tube bundle which is connected to vertical collectors (Fig. 1) . (4) blowdown nozzles, (5) drain nozzle, (6),(7) hot and cold header, (8) heat-transfer tubes, (9) shell, (10) supports for the tube bundle, (11) protective enclosure, (12) steam separation, (13) pipe for supplying feedwater, (14) distribution manifold of feedwater [1] .
Corrosive impurities concentrated on the secondary side are main problem of the steam generator, because they decrease its designed service life. As a result of thermal-hydraulic processes, the impurities are accumulated in so-called critical zones. These impurities are causing increased degradation of the heat-transfer tubes [2] .
Removing these impurities is carried out by a periodical and continual operated blowdown system. In order to achieve high blowdown efficiency, the locations of critical zones must be known for design of the blowdown circuit arrangements [3] .
Due to complications related to the measurements inside SG and lack of large experimental facilities it is very difficult to describe the multi-phase flow on the secondary side. A detailed insight into two-phase flow on the secondary side can be obtained by a three-dimensional thermalhydraulic numerical simulation.
Problem Description
Besides transferring of heat is the basic purpose of heat-transfer tubes to provide a barrier between the radioactive primary side and secondary side of SG. Therefore integrity of the tube bundle has an impact on the overall reliability and safety.
The horizontal steam generator, in contrast to vertical SG, used in PWR nuclear power plants, often works with secondary water of a lower quality. This could be one of the reasons of piling up deposits on the wall of heat-transfer tubes and the creation of corrosive environment. Main source of impurities on the secondary side of SG are corrosion products coming from feedwater, which are concentrated due to generating of steam.
There has been observed, that the so-called critical zones contain from 60 to 90 % of all flaws on tube bundle [2] . This occurrence is connected with concentration of impurities that result in corrosive environment. To lower these concentrations it is necessary to increase the efficiency of removing those impurities with periodical and continual operated blowdown system (Fig.2) . 
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The problem of ensuring the effective blowdown of SG cannot be solved without having a clear understanding of the thermohydraulic of the secondary side. Due to lack of measurements on the specific SG it is very difficult to describe the multi-phase flow on the secondary side. This was reason to create a thermal-hydraulic numerical model of the Dukovany NPP steam generator.
Methodology
There have been published several works dealing with thermal-hydraulic analysis of the horizontal SG in the world. Due to improvement by taking the field experience has every NPP with VVER-440 or VVER-1000 reactors unique design of the SG components. Therefore, it is necessary to create a specific numerical model for the Dukovany NPP steam generator. This NPP is equipped by six PGV-440 SGs with identical design for each of its four units. A two-fluid approach is applied to model the two-phase flow on the secondary side of SG [4] .
The most significant simplification of the presented model is modeling of the heat transfer tubes (HTT) as a porous media (Fig. 3) . Boundary condition of the primary side is defined on HTT by mapped volumetric heat source (Fig.4) . The basic strategy of creation of the computational model was to proceed from simpler to more complex models. First was created a 2D cross-sectional model, after that was made a 3D simplified model of the SG's secondary side. Finally was made a detailed 3D model (Fig. 5 ). On these models was then generated computational mesh (Fig.6) .
The special multiphase flow model was developed and implemented in ANSYS Fluent CFD environment using UDFs, because the universal computer codes do not describe processes in SG adequately enough [5] .
The governing equations are solved using the six-equation model. This model is based on conservation equations of mass, momentum and energy at two-phase interfaces, as well as between 2 fluid phases and a tube bundle. The two-phase flow interface transfer processes are completed by closure laws for the accurate presentation of steam generation processes. By using UDFs for mass, momentum and energy source terms better convergence of numerical analysis was achieved [6] .
Conservation equations
Model equations are written in the form which is used in references [4, 5, 6] using six-equation model. Conservation of mass of liquid phase is defined by the following equation: For vapor phase: 
where , is momentum source term of vapor phase [N/m 3 ]. Mass source term includes interphase momentum transfer, lift force and virtual mass force. Conservation of energy of liquid phase is defined by the following equation: 
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For vapor phase: ]. The energy source term contains interphase heat exchange and heat source from the tube bundle.
Results
The data obtained from thermal-hydraulic numerical model provide complete insight of velocity distributions and steam volume fraction (Figs. 7 -10 ). In view of the fact that no measurements were taken inside the secondary side of the SG, verification of the numerical model was carried out based on the temperature field obtained by measuring of the outer shell SG No significant change in the flow structure was observed with increase of reactor power. These results can be used for detailed analysis of impurities concentration, which can lead to localization of critical zones. Obtained data could be also essential for improvement of the blowdown efficiency. 
Conclusions
This report deals with thermal-hydraulic analysis of the horizontal steam generator of the Dukovany nuclear power plant VVER-440. Due to accumulation of corrosive impurities it is important to know processes which occur on the secondary side of the steam generator. A two-fluid approach is applied for modeling of physical processes inside the steam generator. The physical models were implemented in ANSYS Fluent CFD environment using UDFs.
Results from the numerical simulation of the two-phase flow can be used in steam generator design, reconstruction, in nuclear power plant operation and safety analyses or for improvement of blowdown circuit and feedwater arrangements.
For lack of measurements on the Dukovany's nuclear SG it is very problematic to accurately verify the thermal-hydraulic numerical model of the secondary side. Planned measurements of steam volume fraction on secondary side can confirm the results of the numerical.
